We evaluate the octupole in the large-Nc limit in the McLerran-Venugopalan model, and derive a general expression of the 2n-point correlator, which can be applied in analytical studies of the multi-particle production in the scatterings between hard probes and dense targets.
where in the MV model, U (x ⊥ ) is a Wilson line in the fundamental representation defined as
where t a is a color matrix in the fundamental SU(N c ) representation, ρ a is the color source inside a target, and P represents x + ordering operator. G 0 is the 2-dimensional propagator which satisfies
One can solve the above equation and get the explicit form as
As mentioned before, our calculation is based on the MV model, which gives the color field average of a given physical quantity as the Guassian weighted functional integral
where µ 2 (z + ) is the variance of the Guassian distribution of color field representing the color charge density at coordinate z + , and its integration over z + is proportional to the saturation momentum square Q 
Under the framework above, several studies [14, [18] [19] [20] [21] [22] [23] [24] [25] have obtained the finite-N c expressions for the dipole and the quadrupole in the MV model, as well as the large-N c expressions for the quadrupole and the sextupole. In the following discussion, in order to be self-contained, we summarize the known results in the large-N c limit first. The dipole amplitude reads [18] 1
where
with L ij given by the two-dimensional massless propagator G 0 as
The quadrupole can be written as [19, 20] 1
The sextupole [14] is given by the following expression in the MV model 
with
From the above three expressions for the dipole, quadupole, and sextupole amplitudes, we find that higher-point functions have terms with a larger number of factors F jikl 's, which equals the number of transitions between color singlet states. For example, the sextupole amplitude contains three types of terms, corresponding to singlet states with no color transitions, one and two times of color transitions, respectively. Based on the formalism developed in Refs. [14, 19, 21] , we calculate the 8-point correlator and conjecture a general expression for 2n-point functions in the MV model. Our calculation is based on the derivation introduced in [14] , in which the result of the 6-point correlator was derived in the large-N c limit.
The 8-point correlator takes the form
where T is the so-called tadpole contribution corresponding to the diagrams where each gluon link attaches to a single Wilson line. The tadpole contribution can be evaluated straightforwardly and gives
The rest contributions arising from the states in which every gluon link attaches to two different Wilson lines are presented in the square bracket. Similar to the sextupole calculation, one considers all the possible states contribute in the system of 8 Wilson lines, and finds that there are 24 singlet states in total. In the large-N c limit [14] , only transitions to states with a higher power of N c , namely, with one more fermion loop, are allowed, which picks out 14 states whose topologies are shown in Fig. 1 , with N c , N c terms representing the first, the next 6, the later 6 and the last diagrams, respectively. Therefore, b n and c n in Eq. (15) equal the sums of elements in the following column matrices b n(6×1) and c n(6×1) respectively, and the corresponding evolution coefficients take the form
in which the transition matrix M can be divided into blocks as
The evolution part of our desired correlator before integrating over the longitudinal coordinate is
which picks out the first column of the nth power of this matrix
As a 14x14 matrix, M has the form 
which can be written in forms of block matrices in Eq. (18) as 
The first column of the nth power of M is found to be 
which is derived from the following expression 
Plugging the first column into the above evolution part in Eq. (19), integrating over the longitudinal coordinate, summing over n with a factor of 1 n! , and including the tadpole contribution, one obtains 
where I k represents summing over all possible permutations
.., A k that satisfy the following conditions
where U i satisfies
and the recurrence relation between U i and U i+1 is
with its first term
..} representing that the element a is connected with b, b is connected with c..., is a set of 2-dimensional row matrices (i, j). L(U ) is a function of U , which equals the number of loops of the elements in U . For example, U = {(1, 6), (2, 3) , (3, 4) , (4, 5) , (5, 2), (6, 1)}, which consists of two loops 1 − 6 − 1 and 2 − 3 − 4 − 5 − 2, therefore L(U ) = 2.
In the above expression, U i + U 0 represents the configuration, which contains i fermion loops, before the ith transition, then one can easily see that the sum condition L(U i+1 + U 0 ) = i + 1 ensures that only transitions to states with one more fermion loop, as well as one more order of N c , are allowed, while the recurrence relation between U i and U i+1 shows how the configurations of these states translate.
One can use the above formula to get any 2n-point correlators, as well as the 6-point one, which can be subsequently derived as an illustration. For n = 3, one gets
for the second term
for the third term
Putting the values of the above sum variables and the tadpole term T into Eq. (50), one can get the exact 6-point correlator shown in Eq. (12) .
When calculating the multiple scattering factors in the multi-particle production processes, one may encounter the case that several coordinates coincide in the multipole amplitude, which can be entirely derived by taking the corresponding limits of coordinates in the above general expression of 2n-point function. We derive the simplest case with an explicit expression that only two different coordinates x 1 and x 2 are involved in correlators as an example. Taking the limit x 3,4 , x 5,6 → x 1,2 , namely A 1,2,3 → 3L 1,2 , in Eq. (50), which gives 
And the expression for the 2n-point correlator with two different coordinates involved can be also obtained as
where the factor n i−1 C i+1 n is the exact number of color transition ways from the initial color structure with one fermion loop to the color singlet state with i + 1 fermion loops after the ith transition. For the octupole case, namely n = 4, we have C 2 n = 6, nC 3 n = n 2 C 4 n = 16, which are the exact corresponding coefficients in the second, the third and the fourth term in Eq. (56), and also equal the numbers of the terms with one, two and three factors F abcd in Eq. (29), respectively.
The general expression contains different terms corresponding to the number of factors F aibicidi , which represents the number of transitions between the color singlet states. One can recognise that the 8-point correlator has one term with no color transitions, and several terms with one, two and three transitions, while it is not difficult to see from Eq. (43) that the largest number of color transitions allowed in the terms of 2n-point correlators is n − 1.
IV. CONCLUSION
In conclusion, we find that, in the large-N c limit in the MV model, the octupole amplitude as well as general 2n-point correlators can be written in analytical forms, which may help us to outline the underlying dynamics and estimate the size of finite-N c corrections to multi-particle productions, and provide initial conditions for small-x evolutions.
